Abstract. We present here new images of relics and halo sources in rich cluster of galaxies and the correlation between the halo radio surface brightness versus the cluster bolometric X-ray luminosity.
New radio halos and relics
The knowledge of magnetic fields in clusters of galaxies is important to confirm the existence of large-scale cosmological magnetic fields and to study their properties. It is therefore crucial to obtain detailed observations of radio halos and relics, since these extended sources can give observational constraints to the cluster magnetic fields strength and distribution. We present here new data for three clusters of galaxies: A209, A548b, and A1758. From the diffuse radio sources in these clusters, equipartition magnetic fields of the order of 0.5 × 10 −6 Gauss are derived 1 . Abell 209. This cluster at z = 0.206 is dominated by a central cD galaxy located near the peak of the cluster mass distribution. X-ray data and optical density distribution show an irregular morphology with significant substructures suggesting the presence of a cluster merger (Mercurio et al. 2003) . The VLA radio image after the subtraction of discrete sources ( Figure 1) shows a giant diffuse radio halo at the cluster center, with a major axis size of ∼ 6' (∼ 1.2 Mpc).
Abell 548b. The cluster A548, at an average redshift z = 0.04, shows a rather complex structure with at least three main sub-clusters. The combination of X-ray and optical data indicates that A548 is a cluster in a collapsing phase and therefore not yet dynamically relaxed. Feretti et al. (2006) report the detection of two diffuse relic radio sources in A548b, confirming the association between relics and mergers. These sources are located on the same side of the cluster's X-ray center at projected distances ∼ 430 and 500 kpc, and show a similar shape, flux density, extent, polarization, and spectral index. Another diffuse source, probably a third relic, is detected close in projection to the cluster center (Figure 2) . Abell 1758. This cluster at z = 0.279 was studied in detail in the X-ray band by David & Kempner (2004) . They showed that A1758 consists of two hot X-ray luminous clusters: A1758N and A1758S. The northern cluster is in the later stages of a merger of two 7 keV clusters, while A1758S is in the earlier stages of a merger of two 5 keV clusters.
We have detected a radio halo in A1758N. In Figure 3 we show a superposition of the halo source (discrete sources have been subracted) and the XMM cluster image. The radio image shows a diffuse emission (central halo) permeating the A1758N region where the two subclusters are merging, ∼ 0.8 Mpc in size, and two brighter peripheral structures on the opposite side with respect to the cluster center, which resemble relic radio sources. The detection of a radio diffuse emission in A1758N and not in A1758S is in agreement with the hotter temperature (7keV) of the N subclusters with respect to S subclusters (5 keV) and with the David & Kempner result that A1758N is in a late stage of merger, while A1758S is in an early merger stage.
Correlations
To understand the origin, evolution, and physical properties of radio halos and relics it is important to correlate the radio properties with cluster properties. Clusters with halos or relics are characterized by strong dynamical activity related to merging processes. Moreover the most powerful radio halos and relics are detected in clusters with the highest X-ray luminosity. However, halos are not present in all merger clusters. To take into account also upper limits to the radio emission for those clusters where a radio halo is not detected, Feretti (2005) presented the correlation between the average radio surface brightness of the radio halo versus the cluster X-ray luminosity. In Figure 4 we present this correlation including recent new data. It is interesting to note that upper limits are consistent with the correlation suggesting that low X-ray luminosity clusters might host faint radio halos which could be detected only by future telescopes as LOFAR, LWA, and SKA.
